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expression that supports dorsal–ventral patterning within the
neural tube as well as proliferation and differentiation.
Cephalic neural tube development differs in that gene
expression supports synchronistically the closing neural tube
with optic invagination and segmental organization of the
brain. BMPs have been shown to play a role in neural tube
development particularly as dorsalizing factors with well-
established expression patterns in the surface ectoderm near
the dorsal portion of the neural tube. Analysis of BMP2
chimeras generated from BMP2 null ES cells injected to wild
type blastocysts revealed that embryos display both open and
closed neural tube defects in the cephalic region. Exclusion of
BMP2 null ES cells from the dorsal portion of the neural tube
did not always prevent defects. Together with the morpho-
logical and molecular analysis of heterozygous and homozy-
gous null BMP2 embryos, our results indicate that BMP2 is
required for normal cephalic neural tube closure and future
brain development.
doi:10.1016/j.ydbio.2006.04.376
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Holoprosencephaly (HPE) is a common and often lethal
syndrome of forebrain and craniofacial midline defects. The
molecular and cellular causes of HPE are poorly understood;
however, mutations in the Shh and Nodal signaling pathways
have been associated with HPE both in human and mice. In
mouse, genetic reduction of antagonists of Bone Morphoge-
netic Protein (BMP) signaling also results in HPE. Based on
the inheritance patterns of human HPE, we hypothesize HPE
often results from compromises of independent loci or
developmental pathways. We use mouse mutations to explore
the effect of elevated BMP signaling with compromised
Nodal signaling on early head development. We found that
embryos with mutations in Nodal and the BMP antagonist
Chordin exhibit HPE at moderate penetrance. To test whether
this synergistic phenotype was a result of reduced Nodal
signaling and BMP antagonism, we prepared an analogous
double mutants bearing mutations affecting the same path-
ways: mutants for a downstream mediator of Nodal signaling,
Smad3, and a second BMP antagonist, Noggin. Nog;Smad3
mutants showed severe HPE at about 50% penetrance.
Affected Chrd;Nodal and Nog;Smad3 embryos show a loss
of Shh and Goosecoid expression in midline of ventral
forebrain, suggesting defects in the prechordal plate. Defects
in rostroventral foregut was revealed by loss of Hex
expression. These data indicate that Nodal and BMP
antagonism act synergistically in patterning the ventral head
and foregut, supported by additional molecular data. They
also suggest that human birth defects of the forebrain and
facial midline can result from patterning errors that occur
during early gastrulation.
doi:10.1016/j.ydbio.2006.04.377
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Classical experiments identified the zone of polarizing
activity (ZPA) as being responsible for patterning the ante-
roposterior limb axis. Subsequent experiments determined that
Shh is responsible for the polarizing activity associated with this
region of the developing limb. To date, Shh is the only gene
known to be expressed exclusively in the ZPA in the limb. To
identify other genes expressed in the ZPA, we took advantage of
a transgenic mouse allele in which we had inserted GFP into the
Shh locus. Embryos with this transgene expressed GFP in all
cells that normally express Shh. Cells expressing Shh were cell
sorted from E10.5 limbs and labeled complementary RNAs
from GFP-positive (the ZPA) and GFP-negative cell popula-
tions were hybridized to Affymetrix GeneChips. Analysis of the
data revealed that Shh and 15 other genes were expressed at
higher levels in the ZPA. One of these genes, an uncharacterized
EST with 8 transmembrane domains, was analyzed further. We
have provisionally named this gene TM1.Whole mount RNA in
situ hybridization revealed that TM1 is expressed in the ZPA
prior to Shh. It then is co-expressed with Shh during limb
development. No other expression is found in the limb. TM1 is
a member of a family of transmembrane proteins that share no
similarity to any of the known transmembrane proteins
functioning in the Shh-signaling pathway. RNA in situ
hybridization analysis of TM1 expression in mutant mouse
embryos suggests that Fgf-signaling is necessary for normal
TM1 expression, but Shh is not. We have recently constructed a
mouse containing a TM1 null allele. The analysis of TM1 loss-
of-function mice will be presented.
doi:10.1016/j.ydbio.2006.04.378
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